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INTRODUCTION 

There is no question that ccwiputer-aided di.^igh has found its place in 
the backbone Of American industry* the interface between man and machine, 
GAD senres to integrate ^e maximun capabilities of each to rise above the 
inahaal drafter in applying the concepts of engineering graphics, industry 
realizes the benefits of CAD; this can be seen in a 1985 study by Arthur 
Neilsen Of Viheennes University i His study found that sixty percent of local 
industrial CAD users are devoted to CAD iOOJ. His study also unveiled that 
sixty-five percent of interviewees stated that students should learn one type 
Of system. Groves, in his article "Selecting a CAD Syston" stated "Rest 
assured, the revolution taking place in drafting is real. In fact, business 
and industry are converting to CAD faster ttian once projected* The growing 
demand for CAD operators reflects ttlis eonversioh~with ah estimate that over 
1*2 million hew jobs will be created by 1990. In response^ educational 
institutions must quickly incorporate CAD instruction into various 
vocational/technical and engineering areas (GrOves, 1984)*" 

Huch of the initial edueatiOTal response came from the university level. 
In 1978 a eohferehee of the Deans of the Colleges of Engineering at the Big 
Teh Universities indicated "The urgent need for development of computer 
graphics as e key elonent in engineering curricula*" ^Ilibrseh, tee, Wei, 
1985). Since that time tee University of Illinois has integrated the IBM PC 
based AutbCAS into tiie engineering curricula. Purdue University starts their 
students on the Apple microccaiputer based HATCCAD before turning teem loose oh 
the 1.3 million dollar Cbmputervisibh maih-frane syston. Colorado State 
University has implojehted a CAD course using AutoCAD (Wohlers, 1984). At 
Indiana State lAiiversity, the Industrial Technology Education department Uses 
Apple HE based HATCCAD and CADApple software for experimehtatibh by students; 
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the Ranufacturing and Construction^ and Industrial Meet^hical de^rtments are 
preparing to release AutoeAE* for use by the student pcj ulation to expiild upon 
the 4 minicdnputer based Medusa CAD workstations* However^ educators niu^t 
realize that many apprentice drafters are hot college gradmt«s. They are 
^oducts of tile secondary Industrial vocational and technical system. Mho 
will address these students? 

In October 1985, Purdue University h^d a "CAD awareness conf erence" to 
orient Indiana technical teachers to the ohcanihg technology. The response 
was bverwhelmihg as more than 106 technology teachers attended. Many of these 
teachers had not been introduced to ttie concept and terminology of CdiJi^yter 
aided design, nor to the hardware utilized by a CM) systah* But the interest, 
enthusiasm, and deterrainatibh were present. The need was clear; information 
shd advice naist be made available to tecimology teachers concerning the 
implementation of computer aided design into their currieultmii 

The following information is the cbmpilatibh of many references, and is 
intended to provide both depth and breadth into the fascinating technology of 
canputersaided design, especially as it relates to the secondary technology 
curriculum. 

CAD DEFINED 

Before we can proceed, a canmon definition of computer-aided design niust 
be laid down. Groover ah'1 Ziinners stated that "computer-aided desi^ can be 
defined as the use of computer systems to assist in ttie creation, 
modification, analysis, or optimization of a design (Groover and Zimmers, 
1984:1)." M. Zandi stated that ccxhputer-aided design is "the interactive use 
of digital computers to carry but the tasks of design and drafting (Zandi, 
1985:3)." Gary Bertoline defines CAD as "the use of computers, software, and 
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associated hardware to pfiDduce drawings that wotild hormally be prepared 
nahually (Bertdlinci 1985:6)." All of these definitions point out key terras 
that would go into a cannon definition of CAD. 

CAD systems use computer systanS to to replace the tools of nancal 
drafting used to assist the drafter, ^e key word is assist. The computer 
systan does not draw the design for the drafter, although arfctficial 
intelligence is increasing that possibility. At this tirae^ the CAD systan is 
only a tool, as are a pencil ^ triangle, and eraser. ISe manual drafter uses a 
pencil to draw a lines A CAD operator uses an input device (keyboard, mouse, 
digitizer) to enter the endpoints of a line, and the compiuter completes the 
line. The manual drafter corrects his/her mistakes with ah eraser. A Ciffl 
operator corrects mistakes by pbihtihg to a line (cirlce, arc^ etc.) to be 
erased, and it is erased. The manual operator draws on a sheet of paper. A 
€AD operator designs using the screen (cattio<Je ray tube—CRT) until his/her 
drawing is complete, then plots the drawing using a plotter. 

The benefits of a CAD system derive from the fact that a CAD systan 
recortis a drawing with information in ttie computer, hot with lead bh a piece 
of paper, the diffsrence is the meditnh of creating a design, and because a 
cornputef tan Hiahipulate large amounts of information in a short time, the CAD 
operator can also create, edit, and plot a drawing in a shorter amount of time 
tiian can a manual drafter. 

THE BENEFITS OF Cm/tM IN INDUSTRY 

The ccwiputer's capability to manipulate large amounts of infbnnatioh 
involved in a drawing brings about msny benefits over manual drafting. The 
first of these benefits is productivity. 

The nimber of drawings produced in a given time is significantly higher 



in firms using CAD systens. This is due to enhanced visualization of the 
object being designed, reduced time in synthesizihg^ ahaiyzingi and 
decurtientiklg the design ^ and the simple fact that use of a CAD system is fajjter 
than maniai nahipifiation. There are some dependencies that can affect the 
magnitude of productivity. The more complex, detailed, synmetrieal and 
repetitive the drawing is, the more significant a CAD systan can be. A CAD 
systOT can mirror one half of symmetrical drawing or make multiple copies ©f 
a part to be used many times in a particular drawing. 

Where improvement in the quality of the design is concerned, a CAD system 
provides for a more thbrbu^ analysis of the design through application 
programs such as finite elraent analysis ^ mass properties analysis, 
ergonomics^ simulation of nachine tool paths, etc. 

Itoproving conmuni cations arid standardization ^ tee use of a CAD systan 
provides for staridardizatibri of docunentationi lettering, greater legibility, 
and reduced drawing errors. Coninunication is enhanced through networking of 
the entire systaii for communicatiOri between mariageraerit, desi^er, 
manufaeturihg erigineer, arid prbductibri supervisor. 

A CAD ^srston also provides for quicker customer modifications. Siould a 
design need modifications, the drafter cari bring the drawirig but of mai^ry, 
quickly change the required entity, arid replbt the desi^. This often can be 
dbrie wlliiiri an hour (Groover and ZiSners, 1984). 

Finally, since a CAD system stores nunerical informatiOri about ttie 
drawirig iri memory, ttie draftsmari can analyze the properties of tfie part being 
desi©iedi ^is ofteri eliminates the heed to make a manufacturing proto^pe 
since testing is sinmlated on the CAD system. 
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CAD PURCHASING STRATEXJY 



Introdoetien 

Thes estimate that 1 .2 millioij CAD operator positions Will be ivailaSe by 
1990 prompts educational institutions to ihcbrpcrete CAD into iiie industrial 
arts curricUlun* Therefore, the question is hot '"whether to buy", but rather 
"what to buy." The pur^ase of a CAD system is not» by any means, a simple 
process. VSendors often confuse the client with conflicting claims of system 
capabilities. The following purchasing strategy is hot all inclusive, but 
rather a sound beginning in the selection and purchase of a computer-aided 
design syston. 



The selection of a CAD systan is a task that should not be performed 
alone. Consider ah administrator, computer faculty, a representative frcwi 
industry and/or a neart^ university * and the techn^ogy faculty members who 
will be using the systemi 

Qhoe organized, the beginning task of the selection committee is to gain 
a general loiowledge about CAD. 

Researehlflg the Coneepfes of CAB 

It is advisable to Imow the fundamentals of computer-aided design to 
detennihe the CAD system's utilization as related to desired edUcatioheil goals 
and objectives. The collection of information can be obtained from a variety 
of sources, including conferences, seninars, local colle'i,esi professional 
magazines, trade shows, books, and vendor literature. 

A list of textbooks, media, and professional jbuhsds cbhcerihg CAD are 
provided in Appendix A. 
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iHttibngh many administrators are supporting pur^ases of CAD systeiis, 
ttiere may be be questions. •'Why do we need it?" "Can't you use existing 
computera?" 'Won't industry supply you with sonethihg?", etc* Check 
available industrial^ edueatioh, geverrenental and private resources for 



funding. Make sure your stance reflects industrial needs, and the objectives 
given for the CAD system are comfatible with the mission of your department. 



Before talking to vendors^ develop an evaluation chart to 



compare essential ffeatiires among different CAD systems. One such ctiart was 
used in evaluating CAD systems in the Hareh 11, I986 edition of PC Hagazine. 



Ah edited replication of this chart including features identified by Tony 



Weber of Gregg/McGraw Hill is found in Appendix B. Considerations are 



dependent upon the desired level of skill develbixDeht your students heed^ Are 



the students being trained for industry standards or as a general orientation. 



As a rule, due to cost, educators use simulation equipment. It is also 
advisable to assess computers already a/ned by the school which could be used 
by the industrial education department for CAD work. A listing of 
micrTObmputer based CAD systohs to look into is located in Appendix C. 
Considerations vrtien dealing with vendors include (Schwendau, 1984) 

1. What courseware is available? . 

2. Are software updates ihc^^ 

3. Is there a waiTanty^ndjnatetehaTOe ^c^^ What does it cover? 
4i Iteere does tee system go for repair? 

5i Is there a training course f^^^ teachers? Cost? 

5. Does tije price include everything needed for operation? 
(cables, intei^ces,^ opera tore ma^ 

7. Can backup copies of ttie software be made? 

8 . Does the vehdbr have any educational affiliations? 
9« Is the vendor fihanciaHy s^ _ _ 

10. Does the sales_representetive have d^ background? 

Hi Are bteer custooaers happy with tiieir service? 

12i Does the local division vendor take care of all service? 

13i Is there a local application specialist? 

14. Is there an erergency hotline? 

15* Who installs tiie system. 

ERiC ^ 
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Making the Final Parofiaae 

Once the systems and vendors have been researched and a desired system 
chosen, it is appropriate to negotiate with different vendors, edmputer 
prices are flexible, especially for larger purchases made by a school system 
or district. The key point is to not rush into a purchase. Take into account 
the information obtained frcm the previous steps and direct this SoioMledge 
toward selecting the best CiU) system for ttie school's particular educational 
needs i 



9 



8 



CAD IN THE CUSSROOM 

Teaghihg Me^Aodbiffv 

There are ttiree approaches to establishing GffiD cempeteheies in any 
drafting setting* The most ecSmbh integration of GAB appears after students 
have developed proficiency in manual skills (use of pencil i triangle, etc.) 
and a drafting discipline. Mojever, it is Cditnonly agreed upon that CAD will 
become the primary drafting to^ with manual skills developed only as backup. 
Therefore, educators are advised to take a different approach. 

One approach is to establish competency in a drafting dlscijjlihe using 
computers instead of drawing boards. In this setting^ CAD skills are 
developed silohg with the drafting skills. Assignments are given in sequence 
of dev^adpihg conceptual drafting skills (e.g. orthographic projection, 
section vi«is, floor plans, electrical schematic); however, the assipraieht is 
completed only on a CAD ^st©n. No manual skills are used from tiie beginning 
of the course i 

Another approach is to establish elementary compitency in a drafting 
discipline using freehand sketching, then utilizing GAD arid manual skills for 
industrial quality work* Hudi of the fundamental drafting concepts do not 
require the precision of drafting tools. Visual perception is best learned 
using; frediand sketching as the student is not limited to the tools and can 
experianent both in and but of tiie elassrbcmi Usually hone-work in a drafting 
ebuse is latfieard of i This approatS makea better use of class time as drill 
and practici is done outsid'> the classroom. 

The selected method rests bh the strategy dibseh by the teacher; however, 
as with mbst ebursewbr*, there are prerequisite skills which the student is 
advised to possess before using a CAD systan. 
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The respondents of fiielseh's 1985 study of CAD users indicated three 
skill areas to be developed either before or during experience with computer- 
aided design. These are 1) basic prbgrsniraihg, 2) trigohdnetry, analytic 
geometfyi and 3? a drafting discipline i 

The student's capability to program in basic is not as important as the 
general operating skills learned during the introduction to micrOebmpUters. 
When using a CAD system the student does hot heed to know a programmihg 
language^ but must be able to operate the computer and periiiieral equipment. 
It is aiab h^pful for the student to have a fundamental understanding of how 
a microcomputer works so that they can identify the advantages of a GAD systan 
resulting frcm ttie speed and capacity of the ccxnputer. 

Trigohcmetry and analytic geonetry form the basis for use of absolute, 
relative and polar coordinate systems relied on when using a CAD system. 
Since geometric construction dh a CAD system is utilizes the mind more than 
ttie hands i math skills are stressed. This recommendation does not refer to 
ah in depth study of trigonometry, rather an orientation to basic trigoncmetry 
equations. 

As stated before, a fbuhdatioh in a drafting discipline is necessary fOr 
a student to apply the tools of drafting. The drafting skills and CAD skills 
may be developed concurrently. This eliminates 'T-etterihg for the sake of 
lettering" or "linewOrk for the sake of lihewbrk" and makes drafting work 
relevant to the field bf study. 

CombetehGies 

In research dbne iqr Greg Peck bf the Hexieb, Hissburi Vbcatiohal- 
Teehhical Center witii the h&tp of industrial CAD users and CAD educators, the 
consensus was that "priority be given to those features that make CAD 
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efficient and not hardware dependent features such as back-ups and plotting 
that vary greatly from one system to another (Peck, 1984:14). Aithbugh 
comands differ in syntax, features which are eoriinoh among CAD systems 
include: 



t. systan operation Uogin/logout J file retrieve/save, plotting; 

2i coordinate systems (absolute, relative, polar) 

3. screen scales, magnification l : 

4. entity creation (drawing lines, circles ^ ares, fillets) 

5 . entity modification^ (erase, move, trirn) - 

6. text iseleeting style, -inserting, modi^^ 

7 * dinensibning- ( autcmati c,^ semi-autanati c , verti cal , horiz ontal , radial ) 

8i drawing aides (grids, object snap, orthogonal mode) 

9. windowing (selecting a portion of the screen to work with) 

1 0 . layer selection ; (place jarts on different levels of a drawing) 

11. copy (make multiple copies of a part_or grbu^^ 

12. mirror (make copies of symSetrlcal objects around an axis) 

13. grbupihg (making multiple entities belong together) 

14* symbol library (storing and recalling often used symbols and parts) 



Depending on tiie program, these skills may be the bniy eonpeteheies 



required bf the student; however, a vbeatiohai program will require a deeper 
understanding of GAD and especially its relationship to the manufacturing, 
construction, and electronics industries. Pedras and Hoggard (1985) developed 



a DACUM chart illustrating the specific duties and tasks performed by a 
Computer Drafting Techhieiah. This chart, as illusti-ated in figure 1 , is not 



drafting discipline specific but rather builds on a present knowledge of 
drafting principles. 
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fregfam Area 

There are many different areas in which a teacher could implement a CAD 
systemi Itie area of em^asis is dependent on the particular objectives of 
ttie curriculun. Are the students being prepared for job entry skills? Is the 
program an introduction to technology? Figure 2 illustrates a sample 
breakdown of differing industrial education prograns and the placanent of a 
GAD system in those programs. 



Figure 2 
Program Areas of CAD 
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Ail the above and more 
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Ihe new anphasis on technology programs in the secondary curriculian 
offers a great opportunity to use a CAD systen in a manufacturing or 
construction cluster. Recoanehdatibhs made by industrial CM> users in 
Nielsen's 1985 study emF*iasized diverting away from a "paper" approach toward 
the "electronic age" and towErd computer aided and computer integrated 
manufacturing . Hie CJirysler films noted in Appendix A provide a picture of 
CAD use in the industrial environment. 

CONCLUSION 

This paper has brought bO light the many eohsideratiois ehcouhtered 
during the process of integrating computer-aided desi^ into the industrial 
education curricultm. It is ttie responsibility of industrial educators to 
maintain abreast of current technology and incorporate emerging industrial 
techniques into the classroom^ 

Incorporating CAD becomes more a reality as the price of CAD software and 
canputer hardware decrease. With careful consideration Of equipment already 
owned the school systan and prudent budgeting techniques, even anall school 
systems are given tiie the opportunity to display to students the latest 
technologies. 

The methodology used in teaching drafting using traditional tools is hot 
any different when using computer-aided design. A tool is a tool. The depth 
in which CAD is covered depends on the level of the student and the objectives 
of the program. 

Our students deserve to be exposed to systens which affect the 
productivity of modern industry. 
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Appendix A 
OaSRSE MATERIALS 



effi/eiH With-Persbnal Gomputers 

Patrick R. Garberry 

Tab Bootei Inc. 

Blue Ridge Suninit, PA 17214 



Computer Aided Design and Drafting 
H. Zandi _ 
DSmar Publishers Inc • 
2 eoraputer Drive West 
Box 15015 

Albany, NW 12212^5015 

FUncamentals of CAD 
Gaiy Bertciine 
DaSar Publishers - 
2 Computer Drive West 
Box 15015 

Albany, NW 12212^5015 

Introduction to CAD 
Donald ¥bisinet 
Gregg/HcGraw Hill 
Princeton Road 
Hightstown, NY 08520 

The CAD/CAM Workbook 

David Li Goetsch 

The CAD^CAH Filrastrips 

South-^Western Publ ishing Company 

355 Conde Street 

West Chicago, IL 60185 

Architectural CAD Lab Manual 
Thomas Obermeyer 
Gregg^H^raw-Hill 
Princeton Road 
Hightstown, NY 08520 



Applying AutoCAD 
Terry T. Wbhlers. 
Glehcbe PuMishing 
17337 Ventura Boulevard 
Encino, California 91316 



Mechanical CAD Lab Manual 
Donald Voisinet 
Gregg/McGriwHill 
Princeton Road i^:^^ 
Hi^tstGWh, NY 08520 

CAD Appications: Mechanical 
Gary Bertoiine 
Delirar Publ ij^ers 
2 Computer Drive West 
Box 15015 ^ 
Albany, NW 12212-5015 

CAD Appications: Architectural 
David t, Goetsch 
Delmar IHjblishers 
2 Computer Drive West 
Box 15015 

Albany, NW. 12212-5015 



CAD-Appiications: Sectronlcs ^ 
Gerald R* Hansen, Elwood V. Hathaway 
Deimar Publi^ers _ 
2 Computer Drive -W^st^ Box 15015 
Albany ^ NW 12212-5015 

CAD/CAM Corapuater Aided Design & Drafting 
Mikell Groover, Emory Zinmers, Jr. 
Prehtice-Hall, Inc. 
Englewood Cliffs, N.J. 07632 



Using AutbCAD- 
JsttiBs E. Fdller 
pelmar Publishers 
2 Con^uter Drive West 
Box 15015^ 

Albany, NW 12212^5015 

Ihtrbductibn to Computer Aided Drafting 
Da\ ^^ Gpetsch 
Prei.: :2e^Mall, Inc. 
Englewood Cliffs, N.J. 07632 
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CcBiputer Aided Design, 1172, $6 
CAD/CAD Curriculum^ M-SS^ $15 
Aseri(^n VbcatlbQal Assoeiatioh 
2020 Hbrth 1 4 th Street 
Arlington, Vii 22201 

CAD Computer Aided Design Explained 
3 filmstrips^cassettes 860-^6, $125 
fierggalli Pr<xluctibns 
106 Charles Lihdber^ 
Unlbndale, NY 11553 

CAD Ventures Unlimited 
CAD/CAM, ilfflstrip/cassette, 
M 6354, $35 
Career Aids Ine* 
8950 Luriihe Avenue 
ChatsMbrth, CA 91311 

CAD/CAM Basics 

80 cblor slides, $103 

DMR Assbciites 

P.O. Bex 255A 

West Gordon, HA 01472 

fttcrocomputer CAD 
ySH videotape, $60 
Hollywood Video 
5 East Lee Street 
Piano, XL 60545 

Cdraa-tment to the Future 

16rammbvie^ ^ 

The innovators^ 16inm movie 

158 Carmen Drive 

Elk Grove Village, IL 60007 



"The Qlallehge of HahUfacturihg" 

16 rom Hbvie^ $185-^ ^ 

Hodem Taking Picture Service^ Inc. 

5000 Park St. North - - ^ 

St. Petersburg, FL 33709 

"Just in Time"^ _ . 

16 mm Hovie, free loan 

Hodem Talking Picture Service^ Inc. 

5000 Park St. North ^ 

St. Petersburg, FL 33709 

"For T^ars tb Come" 

15 imiL Hbviei fi"ee_loah 

Hoderh-Talking Picture Service, Inc. 

5000 Park St. North 

St. Petersburg, FL 33709 



CAD/CAM Technology 

Filmstrips, $210; slides $79; video $89 
Heridiah Education Corporation 
205 E. Locust St. 
Blooningtoni IL 61701 

Cca^uter Aided Drafting 

Videbj $219i free preview = 

VbcatibhalL Media Assbciates, Prentice-Hall 

PiOi Box 1050 

Hbuht Kiscb, NY 10549 

The CAD/CAM Filmstrips - ^ 

4 Filmstrips, 2 CaSMttes, $195 
Sbuth-Westernz Publishing Go, 
5101 Madison Road 
Cihcihatti, OH 45227 
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i Siryey-EoH Ebst Systans 
Leading Edge PuHicatibns 
317 Forest Central TWo 
11551 Forest Central Drive 
Dallasi TX 75243 

The Anderson Report 

P.O. &x 3616 

Simi Valley, CA 93063 

eA&/e«! Mert 

822 &ylston Street 

Chestnut Hill, MA 02167 

Bie CAD/CAH Digest 
Produetivity Ihternatibnal 
5622 Eyer Street, Suite 220 
Dallas, tX 75206 



The CAD/CAM Handbook 
Cooi{HJtervision Cdrporation 
201 Burlington Avenue 
Bedford^ HA 01730 

The CAD/CAM Industry Directory 
Contract Technical Database Corp. 
FO Box 720 
Conroe, TX 77305 



Cbmputer-Mded Design Report 
841 Turquoise Street 
Suite i) & E 
San biego^ CA 92109 

Computer Design 
1119 Russia. Street 
Littleton, HA 01460 



Computer Graphics News 

2033 H Street, N.W. , Suite 330 

Washington, D.C. 20036 

CanputeFzGraphics Wort.d 
PO Box 122 
Tulsa, OK 74101 

Automation News 
CAD/CIM/'CAM Technblogy 
CanpUter Aided Engineering 
Cahputer Graphics News 
Computer Gravies World 
Industrial Education 



Design News ^ 
270 St. Paul Street 
Denver i CO 80206 

Digitil Design; 

1050 Cbdndhwealth Avenue 

Bbstbh, HA 02215 

Ehgiheerihg Desi^i Graphics Journal 
2070; Neil Avenue 
Colunbus, OH 43201 

Ehgineerihg Ne;s Record 
PO Box 516 

Highstown, NJ 08520 

High Technology 
PO Box 5239 
Boulder, CO 80322 

Machine Design 
Penton Plaza 
Cleveland, 0H 44114 
Plan and Print 
10116 Franklin Avenue 
Franklin Park, IL 60131 

The S. Klein Newesletter bh Computer 
Gravies 
730 Boston Post Road, PO Box 89 
Sudbury, HA 01776 

Computer Grapiiics: U.S. Directory of 
Vendors 
Daratech^ Inc. 
16 Hyrtle Ave. 
P.O. Box 410 
Cambridge, HA 02138 

Design Drafting and ReprograjAiics 
390 Fifth Avenue 
New York, NY 10018 

Designfa:t 

6521 Davis Industrial Parkway 
Solon, OH 44139 
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Appendix fi 
EVALUATION OF CAD SYSTEM 



Evaluatbr 

System a: Vendor: 

System b: Vendor: 

System c: ^ Vendor: 



System 
a be 

Entity Draw Commands 

Line _ _ _^ _ 

Auto line closing - - - —— 

Continuation ^^^^^^ - 

Wide lines - 

Parallel lines - 

Line typesi 

Number of line Weights ^ 

Hix lihe types oh one layer 

Mix color on one layer ^^^^^^^ - 

Point/node ' 

Circle ^^^.^^^ 

Center/radius 

Center/diameter 

3 point 

2 point ' - -- 

Arc ------- - - - -:- - --- ___ 

3 point _ " — - - - 

Center, radius radians - - - 

other - 

Ellipse 

Multipoint curve ~ 

Rectangle^^^ - ^ 

Rounded rectangle : - - 

Square ' - 

Polygons — 

Polylines _ 

Solid areas 

Arrows 

Text ^ I : - -::=^ 

Centering ^^^^^^ - 

Auto-al igned - - 

Font changes - ■ 

Rotation 

Boldface 



EKLC 



Drawing assistance 



Snap 

^'ariable sizing 

notation 

Isometric 

Angle 

Align 

Aspect 
Grid ^ ^ 

Variable sizing 

Aspect 
Axis 

Variable sizing 

Aspect 
Ortbdgdnal mode 
Object snap 

Nearest- 

Endpoint 

Midpoint 

Center of circle 

Node/point L 

Quadrant of circle 

Intersection 

Perpendicular 

Tangent 

Polar 

Editing Commands 

Selection _ _ ___ 
Groups of objects 
individual objects 
Windows 

Multiple Windows 

Last object 
z By entity type 
Erase 
Unerase 
Move 
Copy 

Mirror image 
Rotation 
Endpoint join 
Resizing^ 
Layer cbange 
Area fill 
Break/trim 
Lines 

Circles/arcs 
Fillet 
Chatnfer 
Arrays _ ^ 

Rectangtaiar 

Circular 
Segment line/arc 
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Inquiry cbimnands 



List charactreris tics 
Caicuiate distances 
Calculate areas 
Calculate volume 
Calculate moments 

Display controls 

Z6bm__ - 

Specity magnification factor 
Window 

Nesting/return 
Pan 

Visible cbbrdihates 
Visible dimensions 
Change limits ^ 
Change unit base 
Named views 
Solid fill control 
Object dragging 
Isometric drawing 
Cross sectioning 
Projections 

Layers 

Number of layers 
Cplbr of layer ' 
Named layers 

Dimensioning 

Linear 

Angular 

Diameter 

Radius ^ 

Extension lines 

Tolerances 

Leaders 

Center marks 

Horizontal 

Vertical 

Aligned 

Rotated 

Baseline 

Continue/chained 
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Blocks 



Define froin active file 
Saved bh disk _ : 
Size scaling on insertion 
Rotation oh insertion 

Hatching 

Number of patterns 
User def inedj patterns 
Hatching styles 

Attributes 

Visible/invisible 
Editable 
other . 
other 

Help 



Oh screen 

Context sensitive 
bisk tutorial 

Plotting controls 



Variable sizing- 

Pen speed control 

Pen force control 

Pen acceleration control 

Plot rotation^ 

Automatic scaleihg 

Exact scaling 

Spooling 

Plotter optimization 

Miscellaneous commands 

Command scrips 
Slide shows 
Programming language 
User defined screen menus 
Tablet menues 
Freehand sketching 
3 ditiiensibhal „ 
DBS type commands^ 
Execute DDS within CAD 
Symbol library 
Metrification of dimensions 
Size restrictions ori plotter 
Bill of iDfiaterial generation 
Networking capabilities 
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APPENDIX C 
KCROOQIffUIER CAB SQFIWARE VENDORS 



A June 1986 survey of microcomputer CAD systems fbr education conducted 
Igr the staff of the Technical Horizons in Education Journal uncovered thirty 
such ^stans. Ihe survey requested impcrtaht information as operating system 
usedi design capabilities, periphery devices, and price. The list, as it 
appears in the June 1986 edition of T.M.E. Journal, appears on ttie following 
four pages. 

Systems hot covered by the T.H.E. Journal appear below. 



COMPANY/SOFTWARE 



EQUIPMENT/COST 



BG GrajSiics Systoh, Inc. 
Drawing^ Processor 
824 Stetson Avenue 
ffent, WA 98031 



CAD Master 
7011 Biscayne 
Milford, HI 48042 



Metasof t Corporation 
Benchmark 

6509 West Frye Soad 
Qiandler, AZ 85224 

HieregraFfiix 
PC-Draw^ 

1701 North Greenville 
Richardson, TX 75081 

Personal CAD Systans 
CADplah_ahd GADdraft 
15425 tos Gatos Boulevard 
Los Gatos^ CA 95030 



IBH PC and cc»npatibles 
Cost: $1,000 



IBM PC ; 

Cost: $1,10e-$1,8O0^ 

Excellent drafting capability 



IBM PC and compatibles 
Cost: $600 z 
Introductory Package 



IBM PC and compatibles 

Cost: $250 

Very basic package 



IBH^ PC and cdmpa ti bles 
Cost: $50O-$1 ,300 
Entry level or introductory 
Package 
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of _ 

Mteroeomputer CAD Sj^ems for Eiueatioii 

liafiHowing cofi^faniws Jt^pcmM to a survey ^mdaaedty TM,£, JOURNAL Each montfj&irruhrr 
sive, and d produa listing does not impfy an endorsement, (See lechnoi<^ Update, page 12. ) 



ERIC. 




ISdmniili^Eitrr 

SohiUqnt. Ik. 
Its MihlattHi BHve 

Isuiieaaz 

(303)49^2910 



AiitoOU) 

12320 MiriMh^^ 
ISiusatlto. CA 94965 
H415) 332-2344 



I Brodbcad-Otrfeit Ca 
145601. 71* Si. 
laevelM, OH 44105 
1(216) 341-0248 



ICADiiiM^M 
I CAD Techoologteti 
ls22S did dfchani Road 
I Suite 4 

Istcokie. It Wn . 
1(312) 967:8900 



ICADVANCE 
ICalComp 

|PbrM)rwl Sy.stems Unit 
hoD Haciendi Ave. 
|c*mpMi.<l^9S0b^ 
(408) 866^272 



CADiib 

jOiscide Graphics Systems 
H6842 Vbn Kannan Ave. 
jlrvihe. CA 92714 
1(714) 474-6200 



ImicriiCADDS 
|C(iniputcr\*i!(inn Corp. 
llyrMMial S>Mem.s 
iBuNincits Unit 
\i CrtHby Drive : 
iBedibrd, MA 01730 
tiftlT) ?».igoo 



Macintosh 



MS-DOS. 
UNIX 



Grid, snap, tea, 
EOOffn. windowing, 
design daabise 



D0S2X) 
or higher 



MS-DOS 



Same as AutoCAD 
plus mMhahical 
designers 



MS-DOS 



Apple lie. 
IBM PC. XT 



PC^DOS 2.1 
higher 



20. 3^ Alopbil 
ity. grid, snap fined 
curves, text. zoom, 
pan. toatton. 



windowing, freehand 
skewing, pblylihes, 
splines 



2D. 3D, grid, 
snap. text. zoom, 
windowing 



in trve 3D: ofT-lifie 
piottlngT written in 
C; IGES translator 
avaiiabie for main- 
Trime or CAM eon- 
_ neciion 



2a 3D. grid, 
snap. Titted curves, 
text. zoom. pan. 
routibh. windowing, 
bXR IGES 



2D. grid. 

snap. text. zoom. 

ind(m'ing. mirror- 
ing, step-repeat 



2D. 3D. grid, 
snap, filled curves, 
text. zoom. pan. 
rotation, windowing, 
stretch, irim. divide 



Netlist iranslafors 
leScicftrds. Gerber, 
Ciliy, Computer- 
vision: written in 
Mbdula-2 



Hidden-line removal: 
user-definable 
macros: inieifces 
ivailable for CNC 
machines: supports 
CindUSP 



Mesh generation; 
projected ttrigencies 



Ancillary to 
AutoCAD 



Cleans up parallel 
line rirchiieciural 
wail) intersections: 
moves vertices to 
stretch walls: sup- 
ports four foreign 
languages 



Eight discipline- 
specific libraries: 
two-digit drawing 
functions: supports 

BASIC and 
UNIX 



3D wireframe and 
surface modeling: 
drawing production 

engineering 
scihdirds: written 
in UPL 



Unltd. 



256 



127 



256 



255 



5I2K 



5I2K 



640K 



512K 



256K 



5I2K 



Extenul 
floppy disk 
driW; required 



Harttdisk 
recdmmerided 



One floppy, 
one hard disk 



lOM hard disk 



One or two 
double-sided 
disk drives 



lOM hard disk. 
20M preferred 



Graphics card 



Htgh-resolu 
(km mono- 
chrome or 
color monitor 



320x200 
(minimum) 
graphics card 



624X1J024 
monochrome or 
color monitor 



Advanced 

graphics 

card 



Digitizer. 

mouse, 

kq^board 



Digitizer, 
mouse, 
keyboard, 
joystick 



Digitizer. 



keyboard 



Digitizer 



Digitizer. 

mouse. 

keyboard 



Digilizers: 
jight pens, 
keyboards, 
joysticks. 



board, 
ubtel br 
on-screen 
menus 



S300* 



Contact 
your local 
AutoCAD 
doier* 



S2mj 
S49Sli»r 
eight or 
more 



S590* 



S2,500* 



SIJOOO- 
SI.500* 



S5.800 for 
Geometric 
Construc- 
tion and 
Cktailing: 
S2J00 for 
Surfaces* 



-*^uciMiMl^s^nts«%iilable 
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Models 912 •nd 920 |PC-IX>S 
liitcgritedlmaging Systemslam^ WIPS 
I>a&cofyCorp: IeDITOR 
1215 terra Bella Ave. jsoAwire 
Mbuhuin View. CA 94043 
(415)965-7900 



lijfnlcey s>^^s iHit iWlK EDITOR (Wibrd 
all^v > ihe user to scan llinaging Processing 
e 4:ning draw- Isbfltware) has edit 

ings and feed them in- ling and drawing 
H^AutoCAD: includes jcapabiliiies 
3D. text. zoom, 
roiatfon, 
windowing 



iDigiiizer. 
IpoMcr 

jsuppiy. 

lights ail 
lincliided 
lin system 



EmcoCam 

Emc&MaierCbrp. 
2050 I^lrwood Ave: 
C^tnhus. QH 43207 
(614) 445-8328 



MS- 



DOS 2.0 
>r higher 



CAD/CAM: 2a 
text, zoom. ^n. 
rouuioh, windowing 



|Ancillairy to A>:: 
^D 



5l2KT«o230Kdisk| 
drives fflini- 
mum. orxme 
3«0Kaislc 
drive and one 
5M hird disk 



rbior graphics |Djgiiizer 
irdand 



S2.250 



iUscom<^ 
Heiriihy £ Co. 
!H W. Cdumbia St. 
pa Box 869 
Springndd. OH 45501 

C5I3) 324-5721 



GewHcCAOD 

Generic Sdftv«re. Ina 
8763 148th St. NE 
Redmond. WA 98052 
(206) 885-5307 
(Bdd) 228-3601 



iPC-DpS 2.0 pa grid. snap. text. |Usef-dermed 
|6r higher zoom, ibcaiibn, win^ Ividw and digiyzer 
dowing. mirroring. ImenQs; Au&Cdnveit 
stretching, shrinking mdo^ iransfen 
niei to ind fnm 
AuiiiCAD 



256 



256 



5I2K 
640k 



TKIO360K 
floppy disk 
drives or one 
floppy disk 
drive and one 
hard disk 



iiiphicscml iDisiiizer. 
ind matching {mouse 
lihonHor 



S99 



PC-GRASP 
GRASP. Inc. 
RD3B<n^ 
rray. NY 12180 
(518 ^279-9414 



IpOS 3.1 ami CAD/CAM: m 
|VDI device int, zoom, rottiioii. 
windowing 



Ai^el 



2b. grid, text, 
zMm, pan, roiatibfi. 
windowing, freehand 
icfaiiig, automatic 
dimeiisiociing mirior* 
ing 



CADDRAW 

HeariU^ & Co. 
714 W. Columbia St: 
PX)lBgx869 
Springneki. OH 45501 
(800) 622-K)00 
(513) 324-5721 



lApple II<»-, 
DOS 3.3 



2a 3D. grid, snap. 
texi.;roiaiioo_. 
windowing, freehand 
sketching, automatic 
centering 



MloM4 the model- 
ling aiid niulti-imige 
di^ay of a one io 
ux joimed robot; 
teimulidon 



5I2K 



Hard disk 



Mouse S2,50O 



ipponforNC 
pro cet sors, 
ijtisable grid and 
written in 
IIHSCAL 



128 



I28K 



Tivo floppy 
disk drives 



fMohochlbme 

fiitor and 
\pplc Super 
ICird 



louse, 
IkQ^bMrd 



ipport lor NC 
processors: 
|poini-by-|XMiu 
lotting of solid 
ind hidden tines at 

ihjckiieu; 
written in Applesoft 
IBASIC 



64fC.IOiM 
48kon)disk 

th.MIi»^ 



flbpjy iMonochrome 
drive |dr color 
Imonitor 



k^board 



$209 for 
schools 



S123 for 
schools 



CAD/BASIC 

Rem International. Inc. 

57S ^M^hinglQn Sc: 

MA 02359 
(617)8260)95 



MS-DOS or 
Ipcdos I.l 
r higher 



2D. grid, fised 
curves, ^t. zoom, 
pah, rottiioh 



hi-automaiic 
dimensioning, written 
lin BASIC 



64ROfwflop|^ 
disk drive 



Graphics card iKeyboard 



St20« 



DESIGNER 3D 
Kern^lntemational. Inc. 
575 ^ihingtoit St. 
^broke, MA 02359 
(617) 826^5 



MS-DOS or 
PC-DOS 1.1 



3D. fitted curvtt. 

zoom. pan. 
roiaiimi 



) ciirve fitting; 
urcecodeindttded: 
vritten in BASIC 



64K One floppy 
disk drive 



Graphics card iKeyboard 



Design nic 

Lovelace*Lawrencc A Ca 
I8BroBdSt. 
Charicsioo;SC294()l 
(803)577-7138 



MS-DOS. 
Modua2 



capability, 
graphics file 



Clissificatibn and 
ding for liid 
riiesforCAO 
iiigh libraries. 



128K 



y board. 



S5X00- 

si5jdda 

inailible 
modules! 
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ERicr 
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MATC-CAO 
MATC-CAD ~ 
IO0N:Sixt9iSl. 
Milwuikee, Wl 53203 
(414)2^1^5743 



Apple or 
IBM PC 



2D; |nd, snap, 
text, sooin, rottiion, 



Jnstnictor ifld 
ttudem maiifiils set 
upinisuuMled 
curricuium, including 

inswcfS! wrinen in 
RASCAL 



256 



64K 

m 

256iC 

am) 



drives 



Apple graphics 
tablet (Apple) 
Kurti ti&let 
(IBM) 



Keyboard 
joystick 



S500 



Dt ilgn Boffl ffrei ftMl o iw i l 
Mega CAba Inc. 
^1 Second A^. South 
Seffili^ UK 98104 
(2(j6)623-€245 



MS>D(» 



3D, grid. snap, 
zoom, pan, rotation, 
wimiawing, curved 
lurfiiaH 



Uiilnn&ed pmpec* 
lives: isomefrk and 
ofthographic views; 
luraiadc hidden line 
removal: link lo 2b 
drafting sdRwaie: 
written in 
FORTRAN 



512K 



Tm floppy 
disk drives 
or hard disk 



Gnflhicscard 



Digitizer, 
mouse 



$1,750* 



Doign Boird IDuSrilor 
M^CAbb.lnc. 
401 Secofid Ave^, South 
SdJd^WA 98104 
(206)623-€245 



MS-DOS 



Grid, snap, find 
curves, lext, xoom, 
pah, nHatibii, wtn- 
dGwifig,iieehiiid 
sketching 



ndm, animation arid 
slide shoM; CAbD 
enhancement arid 

pttiensuioii: writtetf 
in FORTRAN 



256 



236K 



Two floppy 
disk drives 
or hard disk 



Graphics cifd 



Digitizer, 
mouse 



S395* 



ME^SASmEMS3200D 

Mega^ystems 

2741 W. Southern 

Saitt24B 

lbnpe.AZ 85282 

(602)438-0954 



MS-DOS 3.1 
or higher 



W^HkmiMahd 
file server that 
ruin AutoCAD in a 
henioric configu- 
ration 



MEGANETnet^ 
vwrkiiv software 
ruhsUmis 1-2-1 
dBASE,)X«lfdStar 



5UK- 
640K 



lOM hard disk 
on file server 



SiuHppbrts 
Autodesk 
peripherals 



Oh-screen 
touch digi 



$3W 



MiCMB^ MIOdVCRM 
MiCAD Systems, Inc. 
419 Pirk Ave. South 
New Kbrk, NY 10016 
(212) 2I3-935C 



MS-DOS 



2D. 3D. Alopibil 
ity. grid. snap, fitted 
dirves, text, zoom, 
pan. rotation, win- 
dowing, freehand 
sketching 



Ancilliry to 
AutoCAD 



Unlid 



640K 



Hard disk 



Graphics card 
and monitor 



Digitizer 



$5j000 
and up 



CADKEY 

Mierb Gontiot Sysiems. 
27 Hartfefd Tlirnpike 
V%mon, 
(203)647^0 



MS-DOS 
Inc. 



OD/CAM:2D.3D 
grid, snap, TiHed 
curves, text, xoom, 
pan, rocatkm. win* 
dowihg, Irtthahd 
sketchii^ 



Unlimited number of 
views; 3D sptiries; x. 
y ami z axes: all 
views simuitaneousjy 
updated; written in C 



256 



5I2K 



Graphics card, 
mohiior 



Mouse, 
keyboard. 
2D 
tablet 



S495for 
schools 



inVVWpfi : 
Micrograni. Ihc: 
mb No. Greenville Ave. 
Rkhardsbn. tX 7S08I 

4214)i34J?69_ 



MS-DOS 2 jO 
or higher, or 
Microsoft 
wlixibws 



2D. grid, snap. text, 
zoom. ph. roiatioh. 
windowing, freehand 
sketching, mirroring 



Undo feature; dif- 
ferent line widths and 
styles: cross- 
hairs; user^erinable 
ftilers! wrinen in C 



320K 



Hard disk 



Giip^ics 
adapter 
(IBM EGA 
required 
far color) 



Mouse, 
keyboard, 
light pen. 
joysiick 



$495* 



CAD-2 
Robo Systems 
111 Pheasant Run 
New<0^* I^J8940 
(215)968^22 



AppleDbS 



2D grtd« sriap. text, 
zoom, rotation, free- 
hand sketching 



Unlid 



j28iC 



two flopp>- 
disk drives 



Complete 
Apple lie 
s>-siem 



Jo>'siick 
controller 



Si.320 



ROBOCAD-PC 

Rbiw Systems 
111 Pheasant Run 
Newtown. B\ 18940 
(215)968-4422 



MS-DOS 
or PC-DOS 



2D grid, snap, fitted 
curves, text. zoom, 
pan. rotation, free- 
hand sketching 



nirtial erase, partial 
change, fillet, tangent, 
radial snap grid, 
orth lock, angle lock 



640K 



two iloppy 
disk drives 
or one floppy 
diskdriveand 
one hard disk 



Graphics card. 

mbhdchrome 

monitor 



Digitizer, 
mouve 



SI. 495 



*Educiiionil discounts available 




84 fllNE I98S 



g9 




VraC«DMinuiccd 

7372 Pniice Drive 
Hontii«IOA BaxAi, CA 92647 
(7j4)P7.9960 



CM»UTtE3aD/33 
TftWSysienn 

Prince prtve 
Hun^ioe Beach. CA 92647 
(714^B 47>996d 



MS-DOS. 
UNIX 



dovvihg, fieehand 
sketching 



Multi-tine diiw 
<«!p lb 250); 3D 
isofii^K views: 
automatic break; 
eiii and IMMc; 
rUlet. curve and 
dimension 



2b, 3D. grid. shiHp. 
text, zooou ration, 
windowing 



Symbol libraries 



250 



64IC 
(3X)). 
t28jC 
(3.5) 



Tw6ncf)py 
disk drives 



BuilC in 



Digitizer. 

mouse. 

joystick 



Sl,495* 



l^lrCorp. 
mStkriinRM^ 
Moiuntn View. CA 94043 
<4t3)964>X lbb 



XENIX V 



2b. 3IX grid. snap. 

lOom. pan. ration, 
windc^riiig 



Model iii^; draw- 
ij^ mode; figure 
cap^lities: full 
graphic editing: 
written in C 



256 



4J096 



2.9M 



I.2M hard 
disk 



Graphics catd 



Digitizer, 
keyboard 



$18,900 
PC/AT 
turnkey 
system 



AMWDTdPlM 

Ife^udal Software. Inc. 
28790: Cta^nBM. 
Oeve&nd. OH 44122 
<2I6) 7^-133 



MS-DOS 



Text. auiomMic 
scheduling genem- 



Anrillify to Auto- 
CAD: worics widi 
ai9 ASCII me; 
niraliittioa 
hia from «oRi 



64K 



CRwflopi^ 
disk drive or 
one hard disk 



None 
required 



None 
required 



AutoC&Dilfiwi&g:: 



3.bGlUPHIXX 
Univenal Imeigriphix 

2990 E.G Street 
Suite 108 

Ontario. CA 91764 
(714) 989-3992 



MS-DOSdr 

PC-bos 

2.x and 3.x 



2tt3ar«*» 

hoed ctifvtt, 
zodimpiR. rarion, 
windowing, fttchand 
sk^iiig 



IM-iimeaiUmition; 
slide dKwl^fvies; 
line and ptanesimeir- 
led pliunes; aiito 
diihmoning: z-«xis 
can be drawn any-_ 
where; written in C 



256 



640K 



lOMhaiddisk 



IBMCGA 
graphial 
adapter and 

compuible 



Digitize 
mouse 



S3.995* 



^Educational discounts available 
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